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(57) An apparatus for controlling a towing mode of
an electric vehicle is provided. The apparatus includes a
first sensor that measures a speed of the electric vehicle
and a second sensor that measures a gradient of a road
on which the electric vehicle is driven. A controller detects
a reference output of the electric vehicle based on the

speed and the gradient of the road and detects a towing
weight of the electric vehicle based on an excess rate of
a current output with respect to the reference output. The
towing mode of the electric vehicle is then executed
based on the detected towing weight.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to
Korean Patent Application No. 10-2019-0029819, filed
on March 15, 2019, the entire contents of which are in-
corporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a technology
of controlling a towing mode of an electric vehicle, and
more particularly, to an apparatus for controlling a towing
mode of an electric vehicle that estimates a towing weight
based on a difference between a reference output of the
vehicle and a current output of the vehicle corresponding
to a speed and a gradient of the vehicle.

BACKGROUND

[0003] In general, an electric vehicle includes a vehicle
control unit (VCU) connected to a vehicle network, a mo-
tor control unit (MCU), a transmission control unit (TCU),
a battery management system (BMS), and the like, and
drives a motor using the energy of a battery managed by
the battery management system. Such an electric vehicle
recovers energy by regenerative braking to charge the
battery when decelerating or stopping. Since the battery
is unable to be stably charged only by the energy recov-
ered by the regenerative braking, the battery must be
charged using the commercial power source after the
vehicle is driven a particular distance or after the driving
of the vehicle is terminated.
[0004] The electric vehicle periodically manages the
temperature and the state of charge (SOC) of the battery,
thereby informing the driver of a distance-to-empty (DTE)
based on the remaining capacity of the battery. In recent
years, to determine a towing level, a hybrid vehicle also
includes an acceleration measurement device config-
ured to measure a longitudinal acceleration of a vehicle,
a data detector configured to detect state data to estimate
a weight of the vehicle, an engine clutch disposed be-
tween an engine and a driving motor to selectively con-
nect the engine and the driving motor, a starting gener-
ator connected to the engine to start the engine or gen-
erate electricity, and a vehicle controller configured to
generate a basic vehicle weight using an engine torque,
a motor torque, and the longitudinal acceleration meas-
ured by the acceleration measurement device when the
state data satisfies an estimated entry condition, and es-
timate a final vehicle weight using the basic vehicle
weight and a weight setting vale. There has been pro-
posed a technology of identifying an estimated variation
amount indicating a difference between a basic vehicle
weight and a previous vehicle weight when an update
condition is met, determining whether the estimated var-
iation amount exceeds a reference variation amount,

summing the previous vehicle weight and the reference
variation amount to generate a calculated vehicle weight
when the estimated variation amount exceeds the refer-
ence variation amount, and estimating the final vehicle
weight based on the calculated vehicle weight.
[0005] Such a technology, which is applied to a hybrid
vehicle, has a limitation in application to an electric ve-
hicle. In addition, the accuracy of the technology is de-
teriorated since the weight of the vehicle is estimated
using the longitudinal acceleration of the vehicle without
considering the output of the vehicle, and the vehicle ad-
ditionally requires an acceleration measurement device.

SUMMARY

[0006] The present disclosure provides an apparatus
for controlling a towing mode of an electric vehicle that
estimates a towing weight based on a difference between
a reference output of the vehicle and a current output of
the vehicle corresponding to a speed and a gradient of
the vehicle, and executes the towing mode based on the
estimated towing weight, and a method thereof. The tech-
nical problems to be solved by the present inventive con-
cept are not limited to the aforementioned problems, and
any other technical problems not mentioned herein will
be clearly understood from the following description by
those skilled in the art to which the present disclosure
pertains.
[0007] According to an aspect of the present disclo-
sure, an apparatus for controlling a towing mode of an
electric vehicle may include a first sensor configured to
measure a speed of the electric vehicle, a second sensor
configured to measure a gradient of a road on which the
electric vehicle is driven, and a controller configured to
detect a reference output of the electric vehicle based on
the speed and the gradient of the road, detect a towing
weight of the electric vehicle based on an excess rate of
a current output with respect to the reference output, and
execute the towing mode of the electric vehicle based on
the detected towing weight.
[0008] The apparatus may further include a storage
configured to have a first table in which the reference
output of the electric vehicle corresponding to the speed
of the electric vehicle and the gradient of the road is
stored. In addition, the storage may be configured to store
a second table in which the towing weight corresponding
to the excess rate (%) of the current output with respect
to the reference output of the electric vehicle is stored.
The controller may be configured to determine whether
a trailer is connected to the vehicle based on the detected
towing weight. The controller may then be configured to
provide the detected towing weight to a vehicle controller,
which is a host controller, to operate the vehicle controller
in the towing mode.
[0009] The vehicle controller may be configured to de-
termine an amount of regenerative braking in the towing
mode based on the towing weight provided from the con-
troller. The vehicle controller may then be configured to
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reduce an acceleration force in the towing mode based
on the towing weight provided from the controller. Addi-
tionally, the vehicle controller may be configured to cal-
culate a distance-to-empty (DTE) in the towing mode
based on the towing weight provided from the controller.
The vehicle controller may be configured to adjust a bat-
tery temperature in the towing mode based on the towing
weight provided from the controller. In particular, the ve-
hicle controller may be configured to reduce a reference
temperature for cooling a battery based on the towing
weight, and determine a time point when the battery tem-
perature starts to increase based on the towing weight.
[0010] According to an aspect of the present disclo-
sure, a method of controlling a towing mode of an electric
vehicle may include measuring, by a first sensor, a speed
of the electric vehicle, measuring, by a second sensor,
a gradient of a road on which the electric vehicle is driven,
detecting, by a controller, a reference output of the elec-
tric vehicle based on the speed and the gradient of the
road, detecting, by the controller, a towing weight of the
electric vehicle based on an excess rate of a current out-
put with respect to the reference output, and executing,
by the controller, the towing mode of the electric vehicle
based on the detected towing weight.
[0011] The method may further include storing, by a
storage, a first table in which the reference output of the
electric vehicle corresponding to the speed of the electric
vehicle and the gradient of the road is recorded and a
second table in which the towing weight corresponding
to the excess rate (%) of the current output with respect
to the reference output of the electric vehicle is recorded.
The executing of the towing mode may include determin-
ing whether a trailer is connected to the vehicle based
on the detected towing weight.
[0012] Additionally, the executing of the towing mode
may include providing the detected towing weight to a
vehicle controller, which is a host controller, to operate
the vehicle controller in the towing mode. In particular,
the method may further include determining, by the ve-
hicle controller, an amount of regenerative braking in the
towing mode based on the towing weight provided from
the controller, reducing, by the vehicle controller, an ac-
celeration force in the towing mode, calculating, by the
vehicle controller, a distance-to-empty (DTE) in the tow-
ing mode, reducing, by the vehicle controller, a reference
temperature for cooling a battery, or determining, by the
vehicle controller, a time point when a battery tempera-
ture starts to increase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, features and ad-
vantages of the present disclosure will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings:

FIG. 1 is a view illustrating a schematic structure of
an electric vehicle to which an exemplary embodi-

ment of the present disclosure is applied;
FIG. 2 is a view illustrating a configuration of an ap-
paratus for controlling a towing mode of an electric
vehicle according to an exemplary embodiment of
the present disclosure;
FIG. 3 is a view illustrating a reference output corre-
sponding to a vehicle speed and a gradient accord-
ing to an exemplary embodiment of the present dis-
closure;
FIG. 4 is a view illustrating wheel torque and decel-
eration in the towing mode during regenerative brak-
ing according to an exemplary embodiment of the
present disclosure;
FIG. 5 is a view illustrating wheel torque at start in
the towing mode according to an exemplary embod-
iment of the present disclosure;
FIG. 6 is a flowchart of a towing mode control method
for an electric vehicle according to an exemplary em-
bodiment of the present disclosure; and
FIG. 7 is a block diagram illustrating a computing
system for executing a method of controlling a towing
mode of an electric vehicle according to an exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0014] It is understood that the term "vehicle" or "ve-
hicular" or other similar term as used herein is inclusive
of motor vehicles in general such as passenger automo-
biles including sports utility vehicles (SUV), buses,
trucks, various commercial vehicles, watercraft including
a variety of boats and ships, aircraft, and the like, and
includes hybrid vehicles, electric vehicles, plug-in hybrid
electric vehicles, hydrogen-powered vehicles and other
alternative fuel vehicles (e.g. fuels derived from resourc-
es other than petroleum). As referred to herein, a hybrid
vehicle is a vehicle that has two or more sources of power,
for example both gasoline-powered and electric-pow-
ered vehicles.
[0015] Although exemplary embodiment is described
as using a plurality of units to perform the exemplary proc-
ess, it is understood that the exemplary processes may
also be performed by one or plurality of modules. Addi-
tionally, it is understood that the term controller/control
unit refers to a hardware device that includes a memory
and a processor. The memory is configured to store the
modules and the processor is specifically configured to
execute said modules to perform one or more processes
which are described further below.
[0016] Furthermore, control logic of the present inven-
tion may be embodied as non-transitory computer read-
able media on a computer readable medium containing
executable program instructions executed by a proces-
sor, controller/control unit or the like. Examples of the
computer readable mediums include, but are not limited
to, ROM, RAM, compact disc (CD)-ROMs, magnetic
tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
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medium can also be distributed in network coupled com-
puter systems so that the computer readable media is
stored and executed in a distributed fashion, e.g., by a
telematics server or a Controller Area Network (CAN).
[0017] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. As used
herein, the term "and/or" includes any and all combina-
tions of one or more of the associated listed items.
[0018] Unless specifically stated or obvious from con-
text, as used herein, the term "about" is understood as
within a range of normal tolerance in the art, for example
within 2 standard deviations of the mean. "About" can be
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%,
3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated
value. Unless otherwise clear from the context, all nu-
merical values provided herein are modified by the term
"about."
[0019] Hereinafter, some exemplary embodiments of
the present disclosure will be described in detail with ref-
erence to the exemplary drawings. In adding the refer-
ence numerals to the components of each drawing, it
should be noted that the identical or equivalent compo-
nent is designated by the identical numeral even when
they are displayed on other drawings. Further, in describ-
ing the exemplary embodiment of the present disclosure,
a detailed description of well-known features or functions
will be ruled out in order not to unnecessarily obscure
the gist of the present disclosure.
[0020] In describing the components of the embodi-
ment according to the present disclosure, terms such as
first, second, "A", "B", (a), (b), and the like may be used.
These terms are merely intended to distinguish one com-
ponent from another component, and the terms do not
limit the nature, sequence or order of the constituent com-
ponents. Unless otherwise defined, all terms used herein,
including technical or scientific terms, have the same
meanings as those generally understood by those skilled
in the art to which the present disclosure pertains. Such
terms as those defined in a generally used dictionary are
to be interpreted as having meanings equal to the con-
textual meanings in the relevant field of art, and are not
to be interpreted as having ideal or excessively formal
meanings unless clearly defined as having such in the
present application.
[0021] FIG. 1 is a view illustrating a schematic structure
of an electric vehicle to which an exemplary embodiment
of the present disclosure is applied. As shown in FIG. 1,
an electric vehicle to which the present disclosure is ap-

plied may include an ignition detection device 100, a ve-
hicle controller 200, a motor controller 300, a battery 400,
a battery management device 500, a motor 600, and a
transmission 700.
[0022] The ignition detection device 100 may be con-
figured to detect an ignition on/off signal (e.g., driver input
related to ignition on/off) and provide the ignition on/off
signal to the vehicle controller 200. The vehicle controller
200, which is a host controller, connects the motor con-
troller 300 and the battery management device 500 via
a network to integrally operate all the controllers corre-
sponding to the driving demand of the driver and the ve-
hicle state, thereby driving of the electric vehicle. In ad-
dition, the vehicle controller 200 may further be config-
ured to perform a towing mode control function according
to an exemplary embodiment of the present disclosure.
[0023] The motor controller 300 may include an invert-
er (not shown) having a plurality of power switching ele-
ments. The motor controller 300 may be configured to
convert a direct current (DC) voltage of the battery 400
to a three-phase alternating current (AC) voltage corre-
sponding to a control signal provided through the network
from the vehicle controller 200 to drive the motor 600. In
particular, the power switching element may include one
of an insulated gate bipolar transistor (IGBT), a MOSFET,
a transistor, and a relay. In addition, the motor controller
300 may be configured to adjust the output torque and
speed of the motor 600 based on information provided
from the vehicle controller 200 to execute optimal driving.
The battery 400 may include a plurality of unit cells and
may be configured to store a high voltage for providing
a driving voltage to the motor 600. The battery 400 may
be charged with a voltage generated from the motor 600
during regenerative braking.
[0024] In addition, the battery 400 may be charged with
a voltage and a current supplied through a charging de-
vice (not shown) when a commercial power source is
plugged in. Particularly, the battery 400 may include a
temperature sensor (not shown) configured to detect a
temperature, a temperature increasing device (not
shown) configured to heat the battery 400, and a cooling
device (not shown) configured to cool the battery 400.
The battery management device 500 may be configured
to manage the SOC of the battery 400 and perform cell
balancing by detecting the current and voltage of each
cell in the operating range of the battery 400. In addition,
the battery management device 500 may be configured
to adjust the charging/discharging voltage of the battery
400 to prevent the battery 400 from decreasing to below
a threshold voltage or being overcharged beyond a
threshold voltage, thereby preventing the durability from
decreasing.
[0025] The battery management device 500 may also
be configured to determine that the battery 400 is under
the output performance reduction condition when the
temperature of the battery 400 detected by the temper-
ature sensor is equal to or less than a set reference tem-
perature when the ignition on is detected. The battery
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management device 500 may then be configured to op-
erate the temperature increasing device to increase the
temperature of the battery 400, thereby providing stable
output performance of the battery 400, and variably
change a temperature increasing target temperature cor-
responding to the SOC and the output performance of
the battery 400. In particular, the battery management
device 500 may be configured to operate the cooling de-
vice to prevent the temperature of the battery 400 from
exceeding the reference value.
[0026] Further, the battery management device 500
may be configured to detect the amount of change in the
output of the battery 400 in the process of increasing the
temperature of the battery 400 due to the operation of
the temperature increasing device, and determine the
completion of the temperature increasing when the out-
put is decreased, thereby turning off the temperature in-
creasing device. In addition, the battery management de-
vice 500 may be configured to detect the output of the
battery 400 in the process of increasing the temperature
of the battery 400 due to the operation of the temperature
increasing device, and determine the completion of the
temperature increasing in response to determining as
the map-based maximum output with respect to the cur-
rent SOC, thereby turning off the temperature raising de-
vice.
[0027] The motor 600 may be operated by the three-
phase AC voltage applied from the motor controller 300
to generate a driving force, and may be operated as a
generator when braking to supply regenerative energy
to the battery 400. The transmission 700 may be con-
nected to the output shaft of the motor 600 and may be
configured to output a driving force to driving wheels un-
der control of the transmission controller (not shown) by
adjusting the speed ratio corresponding to driving con-
ditions of the electric vehicle. In particular, the transmis-
sion 700 may be implemented with an automatic trans-
mission or a continuously variable transmission.
[0028] Meanwhile, the vehicle controller 200 may be
configured to perform various controls required in the
temperature increasing process of the battery 400. In oth-
er words, the vehicle controller 200 may be configured
to determine whether an ignition on is detected by the
ignition detection device 100 in a standby state of the
electric vehicle. When the ignition on is detected, the ve-
hicle controller 200 may be configured to provide or trans-
mit the ignition on information to the battery management
device 500 via a network. The battery management de-
vice 500 may be configured to determine whether the
temperature of the battery 400 detected by the temper-
ature sensor included in the battery 400 is equal to or
less than the set reference temperature. In particular, the
set reference temperature, which is a condition for de-
termining degradation of the output performance of the
battery 400, may be set, for example, in the temperature
range of about -5°C to 0°C, and may be changed based
on the designer and the environment of the operation
region.

[0029] When the temperature of the battery 400 is
equal to or less than the set reference temperature, the
battery management device 500 may be configured to
determine the set reference temperature as the output
performance degradation condition of the battery 400,
and operate a temperature increasing device provided
in the battery 400 to increase the temperature of the bat-
tery 400. As the temperature of the battery 400 increases,
the output performance of the battery 400 increases, and
a voltage loss occurs in the battery 400 due to the oper-
ation of the temperature increasing device, and thus, the
SOC of the battery 400 is decreased. Accordingly, the
battery management device 500 may be configured to
detect a change in output of the battery 400 and deter-
mine whether the output of the battery 400 is reduced.
[0030] In response to determining that the output of
the battery 400 is decreased, the battery management
device 500 may be configured to determine that the op-
eration of increasing the temperature of the battery 400
is completed and turn off the temperature increasing de-
vice. Thus, it may be possible to prevent the occurrence
of voltage loss of the battery 400 due to unnecessary
operation of the temperature increasing device, thereby
providing an optimal driving distance and output perform-
ance corresponding to the SOC.
[0031] Furthermore, the vehicle controller 200 may be
configured to perform various controls required in the re-
generative braking operation of the brake controller.
When the driver engages the brake pedal and the braking
intention is input to the brake controller, the brake con-
troller may be configured to receive the stroke amount
(e.g., pressure amount) sensed by the sensor and cal-
culate a driver request braking force based on the stroke
amount.
[0032] After the initial hydraulic braking is performed
corresponding to the driver request braking force, the
total braking force may be distributed to the hydraulic
braking force and the regenerative braking force to per-
form the regenerative braking at the maximum. In the
distribution operation, the brake controller may be con-
figured to calculate an allowable amount of regenerative
braking torque based on the driver request braking force,
and transmit the allowable amount to the vehicle control-
ler 200 which is a host controller. Thus, the vehicle con-
troller 200 may be configured to determine whether to
perform the regenerative braking and the regenerative
braking torque to be generated from the motor 600 based
on information (e.g., shift lever position information and
the like) regarding the transmission controller (TCU), in-
formation (e.g., battery state information and the like) re-
garding the battery management device 500, and infor-
mation regarding the allowable amount of regenerative
braking torque transmitted from the brake controller, and
the like.
[0033] The motor controller 300 may be configured to
adjust the regenerative braking torque of the motor cor-
responding to a torque command of the vehicle controller
200 (e.g., regenerative braking torque generated from
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the motor), and the vehicle controller 200 may be con-
figured to transmit the actually generated amount of the
motor torque to the brake controller. In addition, the brake
controller may be configured to determine the hydraulic
braking force with reference to the actually generated
amount of the motor torque, and adjust the hydraulic
pressure of the hydraulic braking device to generate the
required hydraulic braking force.
[0034] FIG. 2 is a view illustrating a configuration of an
apparatus for controlling a towing mode of an electric
vehicle according to an exemplary embodiment of the
present disclosure. As illustrated in FIG. 2, an apparatus
10 for controlling a towing mode of an electric vehicle
according to an exemplary embodiment of the present
disclosure may include a storage 11 or memory, a vehicle
speed sensor 12, a gradient sensor 13, and a controller
14. In particular, depending on a scheme of operating
the apparatus for controlling a towing mode of an electric
vehicle according to an exemplary embodiment of the
present disclosure, the components may be combined
into one unit. In addition, some of the components may
be omitted depending on such a manner of implementing
an exemplary embodiment of the present disclosure.
[0035] Referring to the respective components, first,
the storage 11 may include a first table in which a refer-
ence output of an electric vehicle corresponding to a ve-
hicle speed (e.g., a speed of the electric vehicle) and a
gradient of a road on which the vehicle is being driven is
recorded. The first table may vary based on the type and
the specification of the electric vehicle, for example, as
shown in FIG. 3.
[0036] In FIG. 3, the horizontal axis represents a vehi-
cle speed (kph), and the vertical axis represents a refer-
ence output (W) of the electric vehicle. In addition, refer-
ence numeral ’310’ denotes a graph showing a reference
output with respect to a vehicle speed when the gradient
of the road is 0%, reference numeral ’320’ denotes a
graph showing a reference output with respect to a ve-
hicle speed when the gradient of the road is 5%, and
reference numeral ’330’ denotes a graph showing a ref-
erence output with respect to a vehicle speed when the
gradient of the road is 10%.
[0037] In an exemplary embodiment of the present dis-
closure, three slope graphs are exemplified, but the
number of slope graphs may be increased or decreased
by the intention of the designer, which does not affect
the exemplary embodiments of the present disclosure.
In addition, the storage 11 may further be configured to
store a second table in which a towing weight correspond-
ing to an excess rate (%) of a current output to a reference
output of the electric vehicle is recorded. In particular,
the towing weight refers to the weight (including a load
amount) of a trailer. One example of the second table is
shown in following Table 1.

[0038] For example, when the reference output is 500
and the current output is 600, the towing weight is 450
kg since the excess rate is 20%. In other words, the total
weight, which is the sum of the weight of the trailer con-
nected to the electric vehicle and the load of the trailer,
is 450 kg. In addition, the storage 11 may include at least
one type of a storage medium of memories of a flash
memory type, a hard disk type, a micro type, a card type
(e.g., a secure digital (SD) card or an extreme digital (XD)
card), and the like and a random access memory (RAM),
a read-only memory (ROM), a programmable ROM
(PROM), an electrically erasable PROM (EEPROM), a
magnetic disk, and an optical disk type memory.
[0039] Moreover, the vehicle speed sensor 12, which
is a first sensor, may be configured to measure or detect
the speed of the electric vehicle. The gradient sensor 13,
which is a second sensor, may be configured to measure
the gradient of the road on which the electric vehicle is
being driven. Both of the sensed speed and gradient may
then be transmitted to the controller. The controller 14
may be configured to execute overall control such that
the components perform respective functions. The con-
troller 14 may be implemented in the form of hardware
or software, or may be a combination of hardware and
software. For example, the controller 14 may be imple-
mented with a microprocessor, but is not limited thereto.
[0040] Further, the controller 14 may be configured to
estimate the towing weight based on the difference be-
tween the reference output of the vehicle and the current
output of the vehicle corresponding to the speed of the
vehicle and the gradient, and execute the towing mode
based on the estimated towing weight. In addition, based
on the first table stored in the storage 11, the controller
14 may be configured to detect the reference output cor-
responding to the vehicle speed measured by the vehicle
speed sensor 12 and the gradient of the road measured
by the gradient sensor 13. Based on the second table
stored in the storage 11, the controller 14 may be con-
figured to determine whether the trailer is connected to

Table 1

Excess rate (%) Towing weight (kg)

5 or less 0

More than 5 to 10 or less 400

More than 10 to less than 15 425

More than 15 to 20 or less 450

More than 20 to 25 or less 475

More than 25 to 30 or less 500

More than 30 to 35 or less 525

More than 35 to 40 or less 550

More than 40 to 45 or less 575

More than 45 to 50 or less 600
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the vehicle based on the towing weight that corresponds
to the excess rate of the current output to the detected
reference output (e.g., whether the towing mode is acti-
vated).
[0041] Additionally, based on the second table stored
in the storage 11, the controller 14 may be configured to
detect the towing weight that corresponds to the excess
rate of the current output to the detected reference output.
The controller 14 may then be configured to provide or
transmit the detected towing weight to the vehicle con-
troller 200 to operate the vehicle controller 200 to execute
the towing mode (e.g., towing mode activation). For ex-
ample, the towing mode may be as follows.

1) Regenerative braking control in towing mode

[0042] The maximum regenerative braking amount of
the electric vehicle may be set at the maximum deceler-
ation rate at which the hydraulic pressure may be com-
pensated in an emergency situation. In the towing mode,
the deceleration may be reduced since the weight is in-
creased compared to the normal mode. Particularly,
when the regenerative braking amount becomes greater
than the allowable maximum deceleration, the hydraulic
pressure may be compensated later, and thus, a collision
accident may occur.
[0043] Therefore, the vehicle controller 200 may be
configured to determine the regenerative torque amount
of the motor 600 based on the maximum deceleration
allowed by the brake in the towing mode. In other words,
the vehicle controller 200 may be configured to reduce
the regenerative torque amount of the motor 600 based
on the towing weight. As shown in FIG. 4, the vehicle
controller 200 may be configured to increase the wheel
torque in the towing mode compared to the normal mode,
thereby maintaining the deceleration constant. The ve-
hicle controller 200 may be configured to determine the
regenerative braking amount ’B’ in the towing mode
based on, for example, following Equation 1. 

wherein the ’A’ represents the regenerative braking
amount in the normal mode, the ’TW’ represents the tow-
ing weight, and the ’F’ is a constant as a correction factor.

2) Response control in towing mode

[0044] The electric vehicle has rapid responsiveness
(acceleration ability) at the start. Due to such responsive-
ness, a shock is generated in the electric vehicle in the
towing mode. Thus, as shown in FIG. 5, the vehicle con-
troller 200 may be configured to reduce the responsive-
ness of the electric vehicle to prevent a shock from oc-
curring in the towing mode. In FIG. 5, in a state where
an accelerator position sensor (APS) senses the depres-

sion of the accelerator pedal, reference numeral ’510’
indicates a wheel torque in the normal mode and refer-
ence numeral ’520’ indicates a wheel torque in the towing
mode. The vehicle controller 200 may be configured to
determine the wheel torque ’T’ in the towing mode based
on, for example, following Equation 2. 

wherein the ’T1’ represents the wheel torque in the nor-
mal mode, the ’TW’ represents the towing weight, and
the ’F2’ is a constant as a correction factor.

3) Distance to Empty (DTE) calculation in towing mode

[0045] There is a difference between the DTE in the
normal mode and the DTE in the towing mode. Therefore,
the vehicle controller 200 may be configured to stop DTE
learning in the normal mode, and calculate the DTE in
the towing mode based on following Equation 3. 

wherein the ’D’ represents the DTE in the towing mode,
the ’E’ represents the remaining energy of the battery,
the ’FE’ represents the initial fuel efficiency in the towing
mode, the ’TW’ represents the towing weight, and the
’F3’ is a constant as a correction factor. In particular,
when the initial fuel efficiency is greater than the previous
learning fuel efficiency (fuel efficiency in the normal
mode), the correction factor is less than ’1’. When the
initial fuel efficiency is less than the previous learning fuel
efficiency, the correction factor is greater than ’1’.

4) Control of battery 400 temperature in towing mode

[0046] The management of the battery 400 of the elec-
tric vehicle includes a cooling process and a temperature
increase process to maintain a constant temperature. In
the towing mode, the battery 400 generates more heat
than in the normal mode since more energy is used in
the towing mode than in the normal mode. Thus, the ve-
hicle controller 200 may be configured to reduce the ref-
erence temperature for cooling the battery 400 based on
the towing weight. The vehicle controller 200 may be con-
figured to determine the reference temperature ’T’ for
cooling the battery 400 based on following Equation 4. 

wherein the ’Tl’ represents a reference temperature, the
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’TW’ represents a towing weight, and the ’F4’ is a con-
stant as a correction factor.
[0047] Since a greater amount of energy of the battery
400 is used the towing mode than in the normal mode,
the minimum voltage protection logic of the battery may
operate in a low temperature region having a high resist-
ance. Therefore, the vehicle controller 200 may be con-
figured to determine the temperature increase starting
point based on following Equations 5 and 6. 

wherein the ’P’ represents an output for starting the tem-
perature rise of the battery 400 in the towing mode, the
’TW’ represents a towing weight, and the ’F5’ is a con-
stant as a correction factor. 

wherein the ’Te’ represents a temperature for starting the
temperature rise of the battery 400 in the towing mode,
the ’TW’ represents a towing weight, and the ’F6’ is a
constant as a correction factor.
[0048] FIG. 6 is a flowchart of a towing mode control
method for an electric vehicle according to an exemplary
embodiment of the present disclosure. First, in 601, the
first sensor 12 may be configured to measure the speed
of the electric vehicle. In addition, in 602, the second
sensor 13 may be configured to measure the gradient of
the road on which the electric vehicle is being driven.
Thereafter, in 603, the controller 14 may be configured
to detect the reference output of the electric vehicle based
on the measured speed of the electric vehicle and the
measured gradient of the road. In particular, the controller
14 may be configured to detect the reference output of
the electric vehicle using the first table in which the ref-
erence output of the electric vehicle corresponding to the
speed of the electric vehicle and the gradient of the road
is recorded.
[0049] Thereafter, in 604, the controller 14 may be con-
figured to detect the towing weight of the electric vehicle
based on the exceeded rate of the current output to the
detected reference output. Particularly, the controller 14
may be configured to detect the towing weight of the elec-
tric vehicle using the second table in which the towing
weight corresponding to the excess rate (%) of the current
output relative to the reference output of the electric ve-
hicle is recorded. Thereafter, in 605, the controller 14
may be configured to execute the towing mode of the
electric vehicle based on the detected towing weight. In
particular, the controller 14 may be configured to directly
perform the regenerative braking control in the towing

mode, the response control in the towing mode, the DTE
calculation in the towing mode, the temperature control
of the battery 400 in the towing mode, or may be per-
formed interworking with the vehicle controller 200 which
is a host controller.
[0050] FIG. 7 is a block diagram illustrating a comput-
ing system for executing a method of controlling a towing
mode of an electric vehicle according to an exemplary
embodiment of the present disclosure. Referring to FIG.
7, a computing system 1000 may include at least one
processor 1100, a memory 1300, a user interface input
device 1400, a user interface output device 1500, storage
1600, and a network interface 1700, which are connected
with each other via a bus 1200. The processor 1100 may
be a central processing unit (CPU) or a semiconductor
device configured to process instructions stored in the
memory 1300 and/or the storage 1600. The memory
1300 and the storage 1600 may include various types of
volatile or non-volatile storage media. For example, the
memory 1300 may include a ROM (Read Only Memory)
and a RAM (Random Access Memory).
[0051] Thus, the operations of the method or the algo-
rithm described in connection with the exemplary em-
bodiments disclosed herein may be embodied directly in
hardware or a software module executed by the proces-
sor 1100, or in a combination thereof. The software mod-
ule may reside on a storage medium (that is, the memory
1300 and/or the storage 1600) such as a RAM memory,
a flash memory, a ROM, an EPROM, an EEPROM, a
register, a hard disk, a removable disk, and a CD-ROM.
The exemplary storage medium may be coupled to the
processor 1100, and the processor 1100 may read infor-
mation out of the storage medium and record information
in the storage medium. Alternatively, the storage medium
may be integrated with the processor 1100. The proces-
sor 1100 and the storage medium may reside in an ap-
plication specific integrated circuit (ASIC). The ASIC may
reside within a user terminal. In another case, the proc-
essor 1100 and the storage medium may reside in the
user terminal as separate components.
[0052] According to the apparatus and method for con-
trolling a towing mode of an electric vehicle of the present
disclosure, it may be possible to estimate a towing weight
based on a difference between a reference output of the
vehicle and a current output of the vehicle corresponding
to a speed and a gradient of the vehicle and to execute
the towing mode based on the estimated towing weight.
[0053] Hereinabove, although the present disclosure
has been described with reference to exemplary embod-
iments and the accompanying drawings, the present dis-
closure is not limited thereto, but may be variously mod-
ified and altered by those skilled in the art to which the
present disclosure pertains without departing from the
spirit and scope of the present disclosure claimed in the
following claims. Therefore, the exemplary embodiments
of the present disclosure are provided to explain the spirit
and scope of the present disclosure, but not to limit them,
so that the spirit and scope of the present disclosure is
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not limited by the embodiments. The scope of the present
disclosure should be construed on the basis of the ac-
companying claims, and all the technical ideas within the
scope equivalent to the claims should be included in the
scope of the present disclosure.

Claims

1. An apparatus for controlling a towing mode of an
electric vehicle, comprising:

a first sensor configured to measure a speed of
the electric vehicle;
a second sensor configured to measure a gra-
dient of a road on which the electric vehicle is
driven; and
a controller configured to:

detect a reference output of the electric ve-
hicle based on the speed and the gradient
of the road;
detect a towing weight of the electric vehicle
based on an excess rate of a current output
with respect to the reference output; and
execute the towing mode of the electric ve-
hicle based on the detected towing weight.

2. The apparatus of claim 1, wherein the controller is
configured to provide the detected towing weight to
a vehicle controller, which is a host controller, to op-
erate the vehicle controller in the towing mode.

3. The apparatus of claim 2, wherein the vehicle con-
troller is configured to determine an amount of re-
generative braking in the towing mode based on the
towing weight provided from the controller.

4. The apparatus of claim 2 or 3, wherein the vehicle
controller is configured to reduce an acceleration
force in the towing mode based on the towing weight
provided from the controller.

5. The apparatus of any one of claims 2 to 4, wherein
the vehicle controller is configured to calculate a dis-
tance-to-empty (DTE) in the towing mode based on
the towing weight provided from the controller.

6. The apparatus of any one of claims 2 to 5, wherein
the vehicle controller is configured to adjust a battery
temperature in the towing mode based on the towing
weight provided from the controller.

7. The apparatus of claim 6, wherein the vehicle con-
troller is configured to reduce a reference tempera-
ture for cooling a battery based on the towing weight.

8. The apparatus of claim 6 or 7, wherein the vehicle

controller is configured to determine a time point
when the battery temperature starts to increase
based on the towing weight.

9. A method of controlling a towing mode of an electric
vehicle, comprising:

receiving, by a controller, a speed of the electric
vehicle measured by a first sensor and a gradi-
ent of a road on which the electric vehicle is driv-
en measured by a second sensor;
detecting, by the controller, a reference output
of the electric vehicle based on the speed and
the gradient of the road;
detecting, by the controller, a towing weight of
the electric vehicle based on an excess rate of
a current output with respect to the reference
output; and
executing, by the controller, the towing mode of
the electric vehicle based on the detected towing
weight.

10. The method of claim 9, wherein the executing of the
towing mode includes:

providing, by the controller, the detected towing
weight to a vehicle controller, which is a host
controller, to operate the vehicle controller in the
towing mode.

11. The method of claim 10, further comprising:
determining, by the vehicle controller, an amount of
regenerative braking in the towing mode based on
the towing weight provided from the controller.

12. The method of claim 10 or 11, further comprising:
reducing, by the vehicle controller, an acceleration
force in the towing mode based on the towing weight
provided from the controller.

13. The method of any one of claims 10 to 12, further
comprising:
calculating, by the vehicle controller, a distance-to-
empty (DTE) in the towing based on the towing
weight provided from the controller.

14. The method of any one of claims 10 to 13, further
comprising:
reducing, by the vehicle controller, a reference tem-
perature for cooling a battery based on the towing
weight provided from the controller.

15. The method of any one of claims 10 to 14, further
comprising:
determining, by the vehicle controller, a time point
when a battery temperature starts to increase based
on the towing weight.
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